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(54) Method of manufacturing wire harness for automobile use

(57) A method of effectively manufacturing various
types of wire harnesses of complicated wiring structure
is provided in which a predetermined number of con-
nectors necessary for a unit wire harness are arranged
on a movable pallet. Then the pallet is moved so that a
crimp-style terminal of one of the connectors can come
to a crimp connecting position of a crimp connecting
press. An end of an electric wire is fed to the crimp-style
terminal that has come to the crimp connecting position,
and the end of the electric wire is connected to the ter-
minal by the crimp connecting press. Then, the pallet is
moved again, and the other end of the electric wire is
connected to a crimp-style terminal of a predetermined
connector by crimp connection. The series of motions
are repeated until all terminals necessary for the unit
wire harness are connected to the electric wires by
means of crimp connection. According to this method,
crimp connecting work can be executed only by one set
of crimp connecting press, the operation of which is sim-
ple. Therefore, the size of the overall apparatus can be
reduced and the cost can be lowered.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method of manu-
facturing a wire harness for automobile use.

2. Discussion of Related Art

An example of the wire harness for automobile use
is shown in Fig. 6, which is composed in such a manner
that electric wires "a" are arranged in parallel with each
other, connectors C are connected to appropriate por-
tions of the electric wires in the longitudinal and the
transverse direction, and the connectors C are covered
with covers T if necessary.

From the viewpoint of enhancing the working effi-
ciency, the electric wires "a" are frequently connected to
the connectors C by means of crimp-style connection,
also referred to herein as a crimp connection. As shown
in Fig. 7, this crimp-style connection is conducted in the
following manner. In the connector, there is provided a
crimp-style terminal 41 having a groove 42, the width of
which is somewhat smaller than the outer diameter of
the electric wire "a". The electric wire "a" is fed into the
groove 42 and pushed down by a crimp connecting
blade not shown in the drawing, so that the electric wire
"a" can be press-fitted into the groove 42. In the case of
an electric wire "a" composed of a bundle of conductors
44 and covering material 43 which covers the bundle of
conductors 44, the covering material 43 is torn by the
wall of the groove 42 when the electric wire "a" is press-
fitted into the groove, so that the bundle of conductors
44, which have been exposed, come into contact with
the terminal 41 and electrically communicate with the
terminal 41. At the same time, the electric wire "a" is
fixed into the groove 42 by the action of spring-back of
the terminal 41.

In this connection, an intensity of the spring-back
action of the terminal 41 and a pushing distance of the
electric wire "a" which has been pushed down are rela-
tively related to each other. When the pushing distance
of the electric wire "a" is increased, the intensity of the
spring-back action of the terminal 41 is increased. How-
ever, when the pushing distance of the electric wire "a”
is excessively increased, the terminal 41 is plastically
deformed, and the intensity of the spring-back action is
decreased or further decreased to zero. In the above
case, the crimp connection becomes unstable, and the
electric wire "a" is disconnected from the terminal 41
even if a low intensity of force is given to the crimp con-
necting section from the outside or even if the crimp
connecting section is somewhat oscillated.

In the same manner, when the pushing distance of
the electric wire "a" is too small, the intensity of the
spring-back action becomes too low. Also, the crimp

10

15

20

25

30

35

40

45

50

55

connection becomes unstable in this case.

In order to connect the electric wire "a" to the
groove 42 with pressure in a stable state by the action of
spring-back so that the electric wire "a" can be positively
communicated with the terminal 41, it is necessary that
the electric wire "a" is pushed into the groove 42 by an
appropriate distance. When this crimp connection, in
which the electric wire "a" is pushed into the groove 42
by an appropriate distance, is manually conducted by a
worker, the pushing distance of the crimp connecting
blade fluctuates, that is, when a different worker con-
ducts the crimp connection by pushing the electric wire
"a" into the groove 42, the pushing distance fluctuates.

Usually, a plurality of electric wires "a" are con-
nected to one connector C as shown in Fig. 6. When the
plurality of electric wires "a" are manually connected by
a worker one by one, the pushing distance of the elec-
tric wire "a" for each terminal fluctuates even if the same
worker conducts this connection.

When the number of electric circuits (the number of
electric wires "a") increases, the number of crimp con-
nections also increases. In accordance with the
increase in the number of crimp connections, there is a
possibility of the occurrence of erroneous wiring. In
order to solve the above problems, this crimp connec-
tion has been automatized recently.

When an automatic crimp connecting machine is
used in the manufacture of the wire harness, the afore-
mentioned fluctuation of connection can be avoided and
further the connecting speed can be increased. How-
ever, the following problems may be encountered. Fig. 8
shows an example of connections made by connectors
and terminals, which are arranged as follows. The con-
nector includes five connectors C4, Co, C3, C4 and Cs.
Connector C¢ has four terminals of T4 to T4, connec-
tor C» has four terminals of T»4 t0 To4, and connector C;
has four terminals of T34 to T34. Connector C, has three
terminals of T4 to T43, and connector Cs has three ter-
minals of Ts4 to Ts3. Electric wire "a” includes four elec-
tric wires of a4, ap, ag and a4, which are complicatedly
connected to the connectors as shown in the drawing.
In order to manufacture the above wire harness, the
structure of the manufacturing apparatus becomes
complicated and the size of the apparatus is increased.
As a result, the manufacturing cost is raised. Therefore,
it is impossible to apply the automatic connecting
machine to a case in which a large number of types of
products are produced, wherein a quantity of each type
of product is small.

In an automobile factory in which the number of
electronic parts to be incorporated into automobiles is
increased day after day, it is an urgent necessity to man-
ufacture various types of wire harness of complicated
wiring effectively.

SUMMARY OF THE INVENTION

It is an object of the present invention to effectively
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manufacture various types of wire harness, the wiring
structure of which is complicated.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an overall perspective view showing an
embodiment of the present invention.

Fig. 2 is a perspective view of the crimp connecting
press shown in Fig. 1.

Fig. 3 is a cutaway front view of the primary portion
of Fig. 2.

Fig. 4 is a plan view showing a model of the process
of manufacturing the wire harness of the embodiment.

Fig. 5 is a plan view showing a model of the succes-
sive process of Fig. 4.

Fig. 6 is a perspective view showing an example of
the wire harness.

Fig. 7 is a perspective view showing a state of crimp
connection.

Fig. 8 is a plan view showing an exemplary model of
the wire harness of complicated wiring structure.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

In order to solve the above problems, the present
invention is to provide a method of manufacturing a wire
harness for automobile use comprising the steps of:
arranging a predetermined number of connectors nec-
essary for a unit wire harness on a movable pallet; mov-
ing the pallet so that a crimp-style terminal (also
referred to herein as a crimp terminal) of one of the con-
nectors can come to a crimp connecting position of a
crimp connecting press; feeding an end of an electric
wire to the crimp-style-terminal that has come to the
crimp connecting position; crimping one end of the elec-
tric wire by the crimp connecting press; moving the pal-
let again; crimping the other end of the electric wire so
as to be connected to a crimp-style terminal of a prede-
termined connector; and repeating a series of motions
until all connectors necessary for the unit wire hamess
are connected to the electric wires by means of crimp
connection.

According to the above method, it is possible to
conduct the crimp connection of wire harness with a
crimp connecting press, the motion of which is simple,
and it is also possible to reduce the size of the entire
apparatus and the manufacturing cost can be reduced.
Accordingly, it is possible to manufacture various types
of wire harness of complicated wiring structure.

At this time, the movement of the pallet can be
numerically controlled. Due to the foregoing, the termi-
nal can be quickly positioned at a crimp connecting
position with high accuracy.

The movement of a crimp connecting blade of the
crimp connecting press can also be numerically control-
led. Due to the foregoing, the crimp connecting blade
can be quickly positioned at a position of the most
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appropriate distance with high accuracy.

The crimp connecting press has a function of auto-
matically replacing the crimp connecting blade. Due to
the foregoing, much labor is not required for replacing
the crimp connecting blade, and further the replacing
work can be executed quickly.

Referring to Figs. 1 to 5, an embodiment of the
present invention will be explained below. In the wire
harness manufacturing method of this embodiment, the
apparatus shown in Fig. 1 is used. In the drawing, refer-
ence numeral 51 is a frame in which the electric wires
"a" are connected to connectors by means of crimp con-
nection. There are provided rails 52 on an upper surface
of the frame 51 in the longitudinal direction, wherein
these rails are arranged on the worker's side with
respect to the width direction of the frame 51. On the
rails 52, there are provided pallets P which slide on the
rails 52. One or more connectors C are put on each pal-
let P. Crimp connecting work is conducted on this pallet
P.

There is provided a crimp connecting press 1 on an
upper surface of the frame 51 at the center in the longi-
tudinal direction, wherein this crimp connecting press 1
is arranged at the rear with respect to the width direction
of the frame 51. Also, there is provided a control panel
53 for operating the crimp connecting press 1 and the
drive mechanism of the pallet P.

As shown in Fig. 2, there is provided a servo motor
11 on an upper surface of the housing 10 of this crimp
connecting press 1. This servo motor 11 holds a screw
shaft 12a of the connecting rod 12 by means of a ball
screw structure. Therefore, when the ball guide nut of
the ball screw structure is turned, the screw shaft 12a
(connecting rod 12) can be elevated. As shown in Fig. 3,
a lower end portion of this connecting rod 12 is formed
into a hook-shape. This hook-shaped portion is
engaged with an upper end hook portion 14a of the ele-
vating rod 14 of the crimp connecting blade 13. Due to
the above arrangement, when the connecting rod 12 is
elevated, the crimp connecting blade 13 can be also
elevated.

As shown in Fig. 2, there are four elevating rods 14
of the crimp connecting blades 13 round a disk 15 inte-
grated with the housing 10. The upper end hook por-
tions 14a of the elevating rods 14 are engaged with a
circumferential edge of the disk 15, so that the elevating
rods 14 can be slidably supported. In this case, the
number of the crimp connecting blades may be arbitrar-
ily determined. There are provided guides 16 on both
sides of each elevating rod 14. The elevating rod 14 is
elevated between the guides 16. Each guide 16 is fixed
to a rotary cylinder (not shown) rotatably arranged on a
lower surface of the disk 15. When this rotary cylinder is
rotated by a rotary actuator 17 on the disk 15, an arbi-
trary crimp connecting blade 13 is set at the crimp con-
necting position. At this time, the lower end hook portion
of the connecting rod 12 fills a cutout portion of the disk
15 located at a crimp connecting position. Therefore,
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the elevating rod 14 can be moved without causing any
problem. It is possible to use a pulse motor instead of
the rotary actuator 17.

In the same manner as that of the elevating rod 14
of the crimp connecting press 1, the pallet P is moved
when a screw shaft of a ball screw to which the pallet P
is fixed is driven by a servo motor. This ball screw and
servo motor are located under the pallet P and not illus-
trated in Figs. 1 and 2 because they are hidden by the
pallet P. However, the principle of the driving mecha-
nism is the same as that of the elevating rod 14 of the
crimp connecting press 1 described before. Accordingly,
the detailed illustration and explanation are omitted
here.

A method of manufacturing a wire harness of this
embodiment, in which the above apparatus is used, will
be explained as follows. The wire harness explained in
the conventional example shown in Fig. 8 is taken up
here as an example of the wire harness to be manufac-
tured. As described before, there are provided five con-
nectors C4, C,, Cz, C4 and Cs, which will be referred to
as connectors C hereinafter. Connector C has four ter-
minals of Ty4 to T4, connector C, has four terminals of
To4 to Toy, and connector C5 has four terminals of T34 to
Ta4. In this case, the terminal numbers are put on the
terminals from the left of the drawing. Connector C, has
three terminals of T4 to T43, and connector Cs has
three terminals of T5q to Tsg. Electric wire "a” includes
four electric wires of a4, ap, a; and ay. In this case, both
ends of each electric wire "a" are connected to the
crimp connecting terminal T by means of crimp connec-
tion. In Figs. 4 and 5 which will be referred in the expla-
nations of manufacturing process, in order to avoid the
complication of the drawings, only the terminal numbers
used in the explanations are shown in the drawings.

First, the aforementioned five connectors C are put
on the pallets P being aligned in a line. Of course, this
work to put the connectors C on the pallets P can be
automatized. However, for the purpose of reducing the
overall size of the apparatus, this work is manually exe-
cuted by a worker in this embodiment.

Next, the pallet P is moved by the servo motor via
the ball screw, and the second crimp connecting termi-
nal Ty, of the connector C3 is made to come to a crimp
connecting position X which is immediately below the
crimp connecting blade 13 of the crimp connecting
press 1. At this time, an amount of rotation of the servo
motor to drive the pallet P is digitally controlled so that
the movement of the pallet P can be optimized.

Then, as shown in Fig. 4(a), one end of the electric
wire a4 is manually fed to a groove of the crimp connect-
ing terminal T3, that has come to the crimp connecting
position X. Of course, this electric wire a can be autom-
atized. However, for the same reason as that of the work
in which the connector C is put on the pallet P, this work
is manually executed in this embodiment for preventing
the size of the apparatus from increasing.

Next, one end of the electric wire a4 is connected to
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the connector C by means of crimp connection by the
crimp connecting press 1. At this time, the servo motor
11 is operated, so that the crimp connecting blade 13 is
lowered, and the electric wire a4 in the groove of the
crimp connecting terminal T35 is pushed down, so that
the electric wire a; can be connected to the connector
with pressure. In this case, in the same manner as that
of the movement of the pallet P, an amount of rotation of
the servo motor 11 of the crimp connecting press 1 is
digitally controlled, so that a pushing distance of the
electric wire a4 can be optimized. In this case, torque
and rotating speed are also controlled, so that the push-
ing force and the pushing speed can be optimized. In
this connection, in order to prevent the complication of
drawings, reference numerals C4, Co, C3, C4 and Cjs of
the connector are omitted in Figs. 4(b) to 4(d) and Figs.
5(a) to 5(d) described later. In the drawings, the connec-
tors C4, Cy, Cg, C4 and Cg5 are aligned from the left of
the pallet P.

After the crimp connection of one end of the electric
wire a; has been completed, the pallet P is moved
again. As shown in Fig. 4(b), the crimp connecting ter-
minal To4 of the connector C, to which the other end of
the electric wire a4 is connected by means of crimp con-
nection is moved to the crimp connecting position X,
and the other end of the electric wire a4 is manually fed
to this position by a worker, and this portion is subjected
to crimp connection by the press 1.

Next, in order to connect the electric wire a, with
pressure by means of crimp connection, the pallet P is
moved so that the crimp connecting terminal Ts, of the
connector Cs, to which the electric wire a, is connected
by means of crimp connection, can come to the crimp
connecting position X. As shown in Fig. 4(c), when the
crimp connecting terminal Tso has come to the crimp
connecting position X, one end of the electric wire a, is
fed into the groove of the crimp connecting terminal Tz,
and the crimp connecting terminal is connected by
means of crimp connection by the crimp connecting
press 1.

Next, the pallet P is moved so that the crimp con-
necting terminal T of the connector C,, to which the
other end of the electric wire a, is connected by means
of crimp connection, can come to the crimp connecting
position X. As shown in Fig. 4(d), when the crimp con-
necting terminal T4 has come to the crimp connecting
position X, the other end of the electric wire a, is fed into
the groove of the crimp connecting terminal T»4, and the
crimp connecting terminal is connected by the press 1
by means of crimp connection.

Next, in order to connect the electric wire az by
means of crimp connection, the pallet P is moved so
that the crimp connecting terminal T, of the connector
C4, to which the electric wire a3 is connected by means
of crimp connection, can come to the crimp connecting
position X. As shown in Fig. 5(a), when the crimp con-
necting terminal T4, has come to the crimp connecting
position X, one end of the electric wire a; is fed into the
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groove of the crimp connecting terminal T4, and the
crimp connecting terminal is connected with pressure
by the press 1 by means of crimp connection.

Next, as shown in Fig. 5(d), the pallet P is moved so
that the crimp connecting terminal T3 of the connector
Ca, to which the other end of the electric wire a3 is con-
nected by means of crimp connection, can come to the
crimp connecting position X. When the crimp connect-
ing terminal T33 has come to the crimp connecting posi-
tion X, the other end of the electric wire a3 is fed into the
groove of the crimp connecting terminal T3, and the
crimp connecting terminal is connected by the press 1
by means of crimp connection.

Finally, in the same manner as that described
before, the movement of the pallet P, the feed of the
electric wire a4 and the crimp connection by the crimp
connecting press 1 are repeated, so that both ends of
the electric wire a4 are respectively connected by
means of crimp connection to the terminal T45 of the
connector C; and the terminal Ty, of the connector C,.
In this way, wiring (crimp connection) of all electric wires
"a" for the connectors C is completed, and the predeter-
mined wire harness W can be provided.

In the case where it becomes necessary to replace
the crimp connecting blade 13 because the size (outer
diameter) of the electric wire "a" is different and accord-
ingly the size (width and depth) of the groove of the
crimp connecting terminal T is different, the rotary actu-
ator 17 is driven, and a predetermined crimp connecting
blade 13, which has been previously prepared, is set at
the crimp connecting position X, so that the crimp con-
necting work can be continued. The unit of this electric
wire "a" is not limited to one piece of electric wire, but
the unit of this electric wire "a" may be a flat cable in
which a plurality of element wires are arranged in paral-
lel with each other and formed into a plane using a tape.
When the above flat cable is used, crimp connection is
conducted on the plurality of grooves of the flat cable all
at once.

As explained above, the present invention can pro-
vide the following effects. When a wire harness of com-
plicated wiring structure is manufactured, the size of the
manufacturing apparatus can be reduced, and it is pos-
sible to produce various types of products, the quantity
of which is small, at low cost.

Claims

1. A method of manufacturing a unit wire harness for
an automobile comprising the steps of:

arranging a predetermined number of connec-
tors necessary for the unit wire harness on a
movable pallet;

moving the pallet so that a first crimp terminal
of one of the connectors comes to a crimp con-
necting position of a crimp connecting press;
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locating a first end of an electric wire at the first
crimp terminal that has come to the crimp con-
necting position;

crimping the first end of the electric wire by the
crimp connecting press;

subsequently moving the pallet again so that a
second crimp terminal of a predetermined con-
nector comes to the crimp connecting position
of the crimp connecting press;

locating a second end of the electric wire at the
second crimp terminal that has come to the
crimp connecting position;

crimping the second end of the electric wire so
as to be connected to the second crimp termi-
nal; and

repeating the moving, locating and crimping
steps as necessary until all connectors neces-
sary for the unit wire harness are connected to
the electric wires by crimp connections.

A method of manufacturing a unit wire harness for
an automobile according to claim 1, wherein the
movement of the pallet is numerically controlled.

A method of manufacturing a unit wire harness for
an automobile according to claim 1, wherein the
movement of a crimp connecting blade of the crimp
connecting press is numerically controlled.

A method of manufacturing a unit wire harness for
an automobile according to claim 3, wherein the
crimp connecting press has a function of automati-
cally replacing the crimp connecting blade.

A method of manufacturing a unit wire harness for
an automobile according to claim 1, wherein the
moving of the pallet comprises moving the pallet
along rails on a surface of a frame on which the
crimp connecting press is arranged.

A method of manufacturing a unit wire harness for
an automobile according to claim 1, wherein the
crimp connecting press includes a plurality of crimp
connecting blades accommodating different wire
sizes and crimp terminal sizes, and wherein the
method further comprises the crimp connecting
press automatocially selecting the crimp connect-
ing blade suitable for the wire size and crimp termi-
nal size.

A method of manufacturing a unit wire harness for
an automobile according to claim 6, wherein the
selecting comprises rotating the crimp connecting
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press to locate the selected crimp connecting blade
at the crimp connecting position.

A method of manufacturing a unit wire harness for
an automobile according to claim 4, wherein the
automatic replacement of the crimp connecting
blade comprises rotating the crimp connecting
press to locate a different crimp connecting blade at
the crimp connecting position.
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